Controlled-pore silica glass modified with N-propylsalicylaldimine (SCPSG) has been investigated as a surface-active matrix for the separation of some metal ions. The porous silica glass base was confirmed to have better stability towards hydrolysis in aqueous solution buffered at pH = 9 in comparison to silica gel, which showed twice the surface area of controlled-pore silica glass. The different analytical parameters affecting the batch mode separation and preconcentration of trace Al(III), Ag(I) and Hg(II) in environmental samples using SCPSG, prior to their determination using inductively coupled plasma mass spectrometry (ICP-MS), were studied. The optimum conditions are pH 9.0 ± 0.1, time of stirring 30 min and the eluent concentration 0.5 mol dm -3 HNO3. The ion-exchange capacity of SCPSG with respect to Al(III), Ag(I) and Hg(II) was 0.27, 0.18 and 0.23 mmol g -1 , respectively. The recovery values for the metal ions were 96.8 ± 0.86, 98.1 ± 0.60 and 96.2 ± 1.06%, and the analytical detection limits were 26.1, 1.49 and 0.44 pg cm -3 , respectively, for a preconcentration factor of 100. The method has been applied to the determination of the investigated metal ions in natural water samples as well as certified and reported samples and the results were found to be accurate.
Introduction
ICP-MS has a wide potential use for non-radioactive tracer studies in geological materials and environmental samples. [1] [2] [3] [4] [5] However, the high dissolved salt content (typically about 3.5%) in seawater precludes direct analysis by ICP-MS (e.g. detection limit of Al = 100 ppb). Although a solution with a relatively lower saline concentration of up to 1% may be employed when using optical detection, in mass spectrometry instruments, these solutions may produce a deposition of material on the sampler and skimmer cones and subsequent restriction of the orifices. This, in turn, will cause a reduction in the sensitivity and longterm stability. 5 On the other hand, the seawater matrix forms polyatomic ion interference with the proper function of the sample-introduction system. For these reasons, a pretreatment step, which is used as a preconcentration and matrixconditioning step at the same time, is necessary prior to the ICP-MS determination of sea and saline water samples.
Although solvent extraction [6] [7] [8] and coprecipitation [9] [10] [11] have been commonly used for sample pretreatment, they are laborious with a risk of contamination. For separating the sought metal ions from the saline matrix, the use of a cationexchanger is not suitable, but a chelating ion-exchange is more convenient for the in situ dealing with samples for the analysis of natural and seawater samples. [12] [13] [14] [15] [16] [17] [18] [19] [20] Different materials were used as supports for different chelating substrates. Cellulose was efficiently employed as a base to separate heavy metal ions after the immobilization of 8-hydroxyquinoline 21 and 1-(2-hydroxyphenyl)azonaphthol (cellulose-HYPHAN). 22 8-Hydroxyquinoline, based on a polymeric vinyl solid support (TSK-8HQ), was used to concentrate and separate traces of titanium, gallium and indium from seawater prior to isotope dilution inductively coupled plasma mass spectrometry (ID-ICP-MS). 23 Kenawy et al. 24 used chloromethylated polystyrene as a solid support to immobilize pyridylazo-β-naphthol (PAN) in order to separate heavy metal ions. A natural support was also employed, such as chitosan, which yielded a significantly high capacity (2 mmol g -1 ) when used as a support for some chelating agents (EDTA and DTPA), but the capacity dropped to only 0.03 mmol g -1 upon application in column chromatography. 25 This is attributed to a technical problem, because the yielded ion-exchanger is a gel and should be mixed with a large amount of glass beads (26 to 0.4 g) to enable its use. Another disadvantage is the change of the volume at different pH values.
Silica is increasingly utilized as a support for different chelating agents. 2-Amino-1-cyclopentene-1-dithiocarboxylic acid, salicylaldehyde and naphthaldehyde Schiff bases based on silica gel, 28 1-(2-thiazolylazo)-2-naphthol, 29 quinalizarine 30 and 8-hydroxyquinoline immobilized on fluorinated metal alkoxide glass 20 are selected examples. Among various supports, silica has an advantage over organic polymers owing to its good mechanical and thermal stability, and it is less susceptible to swelling and shrinking as well as microbial and radiation decay.
In previous contributions, 31-33 a controlled-pore silica glass modified with N-propylsalicylaldimine (SCPSG) was synthesized (denoted earlier "IE11") and demonstrated to acquire a high exchange capacity and reversible complexing ability towards some heavy metal ions. It was suggested that the bonding takes place through phenolic oxygen and the imine nitrogen.
The determination of Al(III), Ag(I) and Hg(II) at a trace level is quite important due to its toxicity, especially in the case of liver dysfunction or dietary deficiency in nutrients and vitamins. For the determination of these metal ions by ICP-MS, the separation selectivity for trace elements does not matter, while the efficiency in the separation from matrices is much more important because ICP-MS, itself, has a high elemental selectivity. Consequently, the present work describes the separation and preconcentration of trace Al(III), Ag(I) and Hg(II) from natural water matrices using SCPSG and its determination using ICP-MS.
Experimental

Materials and reagents
All reagents used were of analytical grade A. R. from Fluka, Aldrich or Merck. All solutions were prepared using Milli-Q water or deionized water. Metal standard solutions (1000 mg dm -3 ) were obtained from Merck and intermediate standard solutions were prepared by appropriate dilution. Certified sample "A" is a multi-element standard solution from Merck (1000 mg dm -3 ), with number OC254877. Certified sample "B" is an aluminium shot with purity 99.999% from High-Purity Standards, Inc., with lot number 932317. Both certified samples "A" and "B" were kindly provided from Laboratory 3.22, Chemical Analytical Services, PTB-Braunschweig, Germany. Cinnabar mineral samples "C", "D" and "E" were kindly provided from Prof. Dr. I. M. M. Kenawy, Department of Chemistry, Faculty of Science, Mansoura University, Egypt.
Apparatus
The Infrared reflectance spectra were recorded on a Bruker IFS 48 FTIR spectrometer using a gold ball as a reference.
UV absorption spectrometric measurements were performed using a Shimadzu 190; a UV-VIS spectrophotometer and a 1 cm-cell quartz crystal were used for spectrophotometric measurements.
The sample (the ion-exchanger and its complexes with the investigated metal ions) was introduced as a slurry with nujol on a Whatmann filter paper strip using another one wetted with nujol as a blank.
The pH of each sample solution was adjusted to be within the range (2 -11) using an Orion pH/mV meter (Model 330) and a combined Ross glass pH electrode (Orion 81-02) with an Orion double junction Ag-AgCl reference electrode (Model 90-02) containing 10% (w/v) potassium nitrate in the outer compartment. The pH-meter was calibrated on the operation state using the standard buffer solutions at 25˚C. Potentiometric measurements were performed using a Metrohm E536 potentiograph equipped with a 665 DOSIMAT (Metrohm, Herisau, Switzerland). All titrations were carried out with a rate of addition of NaOH 0.2 cm 3 min -1 at 25˚C.
Preparation of silica modified with N-propylsalicylaldimine
Controlled-pore silica glass (CPSG) was prepared by the acid leaching of sieved borosilicate glass (<70 µm, B/Si = 6.5:1), obtained by the sol-gel technique. 31, 32 Adsorption-desorption isotherms of nitrogen at 77 K for controlled-pore silica glass and silica gel ( , SBET = 410 m 2 g -1 , pore volume = 0.685 cm 3 g -1 and r = 3.34 nm.
The synthesis of controlled-pore silica glass modified with Npropylsalicylaldimine (SCPSG) was performed as previously described (denoted as IE11 31, 32 ).
Grafting with 3-aminopropyltrimethoxysilane (APMS) was achieved by refluxing 18 g of CPSG with 36 cm 3 of APMS in xylene at 80˚C for 24 h. An 11 g amount of the yield was washed with ethanol and refluxed with 15 cm 3 salicylaldehyde in 50 cm 3 (yellow) was washed with EtOH and dried at 80˚C. For a comparison of the support phases, silica gel (Merck, particle size = 0.2 -0.063 mm and further milled to <0.09 mm) was replaced with controlled-pore silica glass in the above method of synthesis, yielding aminopropyl silica gel (APSG) and N-propylsalicylaldimine based on silica gel (SSG).
Separation technique
The data are given as the average of two replicates, whereas those of the application and some chosen experiments were repeated five times, from which a statistical evaluation was performed. Batch procedure. First 30 mg of SCPSG was suspended with constant stirring for 30 min in 50 cm 3 of 50 ng cm -3 of Al(III), Ag(I) and Hg(II) as nitrates at the desired pH value in the range 3 -11. The concentrations of the investigated ions in the filtrates were determined by ICP-MS.
The distribution coefficient (Kd) was determined using
where Ci.ex is the metal concentration in the ion-exchanger (solid phase) and Csol the metal ion concentration in the solution phase. The effect of the stirring time was studied at pH = 9.0 ± 0.1 using the same conditions as those applied before; then, the optimum conditions (pH = 9.0 ± 0.1, time of stirring = 30 min and weight of SCPSG = 30 mg) were applied in all coming studies. The stability of the silica phases in an aqueous solution was investigated by adding 100 mg of modified silica to 200 cm 3 of distilled water buffed by borate to pH = 9.0 ± 0.1 under continuous stirring. Aliquots of 6 cm 3 were withdrawn with a syringe through a diaphragm membrane with a pore size of 0.20 µm type PET-20/25 from MACHEREY-NAGEL, and dissolved Si was determined by ICP-OES.
The ion-exchanger capacity of Al(III), Ag(I) or Hg(II) was separately determined by adding 100 mg of SCPSG to 100 cm 3 of 100 µg cm -3 of metal (M) as a nitrate solution. Then, the suspension was stirred for 60 min and the pH was controlled to be 3.0 for Al(III) and 5.0 for Ag(I) or Hg(II) by NaOH and HNO3 solutions. The suspension was then filtered. The capacity was determined from the loss of the metal concentration in the filtrate. The filtered M-SCPSG complexes were washed with double-distilled water and dried at 80˚C and used for an investigation of the bonding nature. Application. Surface water samples were collected from Nile River water from Mansoura, Faraskor, Damietta, Gerbi and Ras Elbar, Mediterranean Sea water from Ras Elbar, Damietta Port and Port Fouad; lake water from El-Manzalah Lake and Red Sea water from Suez Gulf, Egypt. All samples were filtered using a sintered glass G4. After, the pH and total dissolved salts (TDS) were determined, then, the samples were acidified with concentrated HNO3 acid to pH ≅ 2, and preserved in polyethylene vessels.
The organic matter was digested prior to the separation process. Then, 0.5 g of K2S2O8 and 5 cm 3 of 98% (wt/vol) H2SO4 were added to 1 dm 3 of the water sample and refluxed in a closed bottle system for 30 min at 95˚C. After cooling to room temperature, 100 mg of SCPSG was added to the sample, and the pH value was adjusted to 9.0 ± 0.1 and stirred for 30 min, then filtered. To the filtrate, another 50 mg of the ionexchanger was added and pH value was again controlled. The sample was stirred again for 30 min and filtered. Both residues were gathered and the collected metal ions were released by 10 cm 3 of 0.5 mol dm -3 HNO3, to give a concentration factor of 100 fold.
Ci.ex.(µg
g -1 ) ----- Csol(µg cm -3 )
Results and Discussion
Calibration
The ICP-MS signals (counts per second) were found to be a linear function with the concentration range (0 -50 ng cm -3 ). The instrumental detection limits (DL)i of Al(III), Ag(I) and Hg(II), based on three-times the standard deviation of the blank (10 cm 3 0.5 mol dm -3 HNO3 passed through 150 mg of SCPSG after preconcentration of 1 dm 3 Millipore water digested for organic matter and adjusted to pH 9.0 ± 0.1 by NaOH and HNO3) above its mean value, were 2.61, 0.15 and 0.04 ng cm -3 , respectively.
The analytical detection limits (DL)a were calculated by dividing the instrumental detection limits by the preconcentration factor (100 in the case of the batch separation of seawater samples). The analytical detection limit was estimated to be 26.1, 1.49 and 0.44 pg cm -3 , respectively. Figure 2 represents the effect of the pH on the uptake behavior of Al(III), Ag(I) and Hg(II) on SCPSG. At low pH, the distribution coefficients were generally low, which is attributed to incomplete ionization of the ionogenic group of the ion-exchanger. The distribution coefficient of the metal ion on SCPSG increased with the pH and reached its maximum at pH ≅ 7.5 -9.5, but decreased in the case of Al(III), probably due to the formation of the aluminate anion AlO2 -. Log Kd at pH = 9.0 was 4.75, 4.97 and 4.64, respectively. Because salicylaldimine can offer only two bonds (a covalent bond via the phenolic oxygen and a coordination one via the imine nitrogen), the coordination number can be completed via the hydroxide ions and water molecules available at such a pH. The utilization of more than one salicylaldimine substrate per metal ion is not expected because a steric effect arose from bonding to the surface of the silica base. Kinetic study and effect of interfering species. Figure 3 shows the stability of N-propylsalicylaldimine based on controlledpore silica glass (SCPSG), N-propylsalicylaldimine based on silica gel (SSG), aminopropyl controlled-pore silica glass (APCPSG) and aminopropyl silica gel (APSG) while stirring for 60 min in water buffered at an optimum pH value 9.0 ± 0.1. Because a higher Si concentration means greater dissolution and a lower stability of silica, the order of silica stability is SCPSG > SSG > APCPSG > APSG. This indicates that silica gel is generally more easily degraded than controlled-pore silica glass, which may be because it possesses a more open structure, as shown by its high surface area (Fig. 1) . Also, it may be observed that the condensation of aminopropyl with salicylaldehyde, giving the Schiff base, lowers the catalytic effect of free aminopropyl in the silica hydrolysis. 34 These results confirm the relative stability of the controlled-pore silica glass as a support for N-propylsalicylaldimine. It also indicates the possibility of studying the effect of the time of stirring on the separation of the investigated metal ions by using SCPSG without any noticeable loss of the solid phase due to hydrolysis (weight loss as SiO2 after 60 min stirring at pH 9 = 0.59%). Figure 4 represents the effect of the stirring time on the separation efficiency of Al(III), Ag(I) and Hg(II) at pH = 9.0 ± 0.1 using SCPSG. Because the ion-exchanger shows fast kinetics of equilibration, 30 min of stirring was sufficient to reach the maximum values of the separation efficiency (97.12, 98.25 and 96.34%, respectively).
Batch mode separation Effect of the pH.
No effect on the separation of the investigated metal ions was found from most common ions, -3 ) showed a strong interfering effect on the recovery of the studied metal ions (R = 29.9, 64.2 and 80.0%, respectively).
Cyanide ion (200 mg dm -3 ) completely prevented the separation of Ag(I) and Hg(II) ions on SCPSG. Consequently, the organic matter present in the natural water samples (which may has the same effect) should first be digested prior to the application process. Ion-exchange capacity. The ion-exchange capacity of SCPSG with respect to Al(III), Ag(I) and Hg(II) ions was found to be 0.27, 0.18 and 0.23 mmol g -1 at pH 3.0, 5.0 and 5.0, respectively. These values are apparently lower than the protonic and the copper capacity (0.44 and 0.36 mmol g -1 , respectively), 32 which may be attributed to the effect of the pH on the reactivity of the solid phase towards the metal ions. Choice of eluent. In order to choose the most effective eluent for the quantitative stripping of the retained metal ions on SCPSG (after the extraction of 2.5 µg of the metal ions from 50 cm 3 adjusted at pH 9.0 ± 0.1), the ions were stripped with 10 cm 3 of 0.02 -0.5 mol dm -3 HCl, HNO3 or H2SO4. The results showed that all acids could offer almost quantitative elution of the metal ions from SCPSG. Figure 5 shows a representative effect of the acid concentration (HNO3) on the recovery; 0.5 mol dm -3 HNO3 is sufficient to obtain a recovery higher than 96%. Subsequent elution of the metal ions was carried out with 0.5 mol dm -3 nitric solution to ensure complete stripping of the metal ions. The reason for the choice of nitric acid as the eluent was that it is a more acceptable matrix for ICP-MS than chloride and sulfate ions. 5 Comparing these results with those obtained for CMPS-PAN resin, 24 it can be noticed that the eluting efficiency of SCPSG is much better. Obviously, too strong chelation between the ion-exchanger and the metal ions is not favored due to irreversible binding. 35 
Nature of bonding between metal ions and SCPSG.
The IR and UV spectra of SCPSG and its complex with Al(III), Ag(I) and Hg(II) suggest that the bonding between these metal ions and the N-propylsalicylaldimine substrate is attributed to complexation through O and N. This is concluded from a disappearance of the bands at 1276 and 1492 cm -1 in the spectra of those complexes detected in the IR spectrum of SCPSG and assigned to δ(O-H)in plane and δ(N-H)in plane, respectively. [31] [32] [33] Also, the UV absorption band detected in SCPSG at 400 nm was shifted to a shorter wavelength in its complexes. This behavior was also reported for complexes of the ion-exchanger with the metal ions Cd(II), Cr(III), Cu(II), Mn(II) and Pb(II). ions Al(III), Ag(I) and Hg(II). A typical titration curve for the ion-exchanger is shown in Fig. 6 .
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The inflection due to deprotonation of the phenolic group could be observed at pH = 8.6 (pK H ). When the same titration was performed in the presence of the studied metal ions, the inflections on the titration curve were shifted to the right at lower pH values. Also, it may be observed that, the volume consumed from NaOH was on the order Al(III) > Hg(II) > Ag(I). This may indicate that the organic substrate is bonded to the metal ions via phenolic oxygen in addition to the imine nitrogen, and the complex is neutralized by hydroxide ions up to pH 9.
Analytical application Natural water analysis. The ion-exchange method was applied for the preconcentration and separation of Al(III), Ag(I) and Hg(II) ions in water samples. Table 1 shows the results of the application process. Suez Gulf showed low concentrations of the metal ions, whereas its concentration obviously increases in the region beginning from Damietta Bridge to the river effluent at Ras Elbar. The nearby locations were reported earlier to show a high concentration of heavy metal ions, 32 which indicates that the pollution in this region is versatile. This was attributed to the domestic and anthropogenic activities along the side of the river in this region. Examination of the method for the analysis of certified and reported samples. A fresh 1000 cm 3 portion of 0.1 µg cm -3 of the investigated metal ions was prepared by the subsequent dilution of certified sample A with Milli-Q water. In case of certified sample B, and mineral samples C, D and E, 0.1 g was dissolved in hot aqua regia prepared from ultra pure HCl/HNO3 and filtered using a G4 glass frit; the total volume was completed to 1 dm 3 . From this solution, 10 cm 3 was withdrawn and diluted to 1 dm 3 . 100 mg of SCPSG was added to each sample. The pH value was adjusted to 9.0 ± 0.1 and the separation process was continued as previously described concerning the water analysis, and repeated to the filtrate with another 50 mg of SCPSG.
The elution process was subsequently performed as in the water samples. The reliability of the separation method was statistically examined for an analysis of the investigated metal ions, as shown in Table 2 , in comparison with the real values in the case of samples A and B and with the reported values in the case of cinnabar mineral samples. A comparison between the experimental means for the two methods was carried out using the null hypothesis of |t| for P = 0.05 and n = 5 in the case of samples A and B and n = 10 in the case of samples C, D and E. It was found that |t|1 = 0.23 -2.53 and |t|2 = 0.33 -0.92 for the investigated metal ions, which are less than the tabulated values (|t|1 = 2.78 and |t|2 = 2.31). 36 No significant difference was found between the values obtained by the present method and the real or reported values. This indicates that the proposed method is accurate.
Conclusion
SCPSG showed good stability compared with the analogous modified silica gel. The recovery efficiency of Al(III), Ag(I) and Hg(II) using separation on SCPSG under the optimum conditions of pH = 9.0 ± 0.1 and a stirring time of 30 min, followed by elution with 10 cm 3 0.5 mol dm -3 HNO3, was higher than 96% of the initial concentration. Most common ions do not affect the separation process, although EDTA and cyanide ion strongly interfere with the separation. Therefore, upon application, the organic matter in the investigated samples was digested so as to eliminate this limitation. Accordingly, matrix effects could be avoided in addition to the magnification of the sensitivity of ICP-MS by 100 fold in the case of starting with 1 dm 3 of the water sample. SCPSG could be successfully applied to the batch mode separation of the investigated metal ions in natural-water samples. The method was also applied for The data are given as X ± ts/ n where X is the mean value, s is the standard deviation and the value between brackets is relative standard deviation (RSD %) for n = 5. pH = 9.0 ± 0.1, weight of SCPSG = 150 mg, stirring time = 30 min at 25˚C.
the determination of these metal ions in certified samples. The results are in good agreement with the reported values, which indicates that the method is accurate.
